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The first node fragments at least one
received payload packet into fragments
on the basis of a minimum Maximum
Transmission Unit, MTU, for an upper
IP layer of the transmission path,

20 ~ ™

The first node encapsulates said
fragments at the entry of the first

tunnel.
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The first node determines the MTU for
the upper IP layer of the transmission
path on the basis of an MTU of a lower
IP layer of the transmission path and on
the basis of the size of at least one
additional tunnel header for the
encapsulated fragments.
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1
IP FRAGMENTATION IN GTP TUNNEL

CROSS-REFERENCE TO RELATED
APPLICATION(s)

This application is a 35 U.S.C. §371 National Phase Entry
Application from PCT/CN2010/002102, filed Dec. 21, 2010,
designating the United States, the disclosure of which is
incorporated by reference herein in its entirety.

TECHNICAL FIELD

The present invention relates to a method for improving IP
fragmentation and transmission of user payload between a
User Equipment, UE, and a Peer Node, PN. The present
invention also relates to a first node and a packet core network
adapted for the same purpose.

BACKGROUND

In Packet Core Networks, PCN, the transmitted user pay-
load will be encapsulated and de-encapsulated by adding and
removing GPRS Tunneling Protocol, GTP, header. Two con-
sequent GTP tunnels, between the eNodeB and the Serving
Gateway, S-GW, and between the S-GW and the PDN Gate-
way, P-GW, need to be established to successfully transmit
packets between the User Equipment, UE, and the Packet
Data Network, PDN, while the S-GW acts as the intermediary
between the two tunnels.

When the IP packet of user payload is big enough, the final
IP packet size after encapsulation could exceed the allowed
value. An example of the allowed value is a Maximum Trans-
mission Unit, MTU, of 1500 bytes. As a result of the MTU
limit, the payload has to be fragmented among eNodeB,
S-GW and P-GW in the transmission path. The minimum
MTU of a layer refers to the size of the largest protocol data
unit that the layer can pass onwards. In the PCN, this relates
to the transmission capacity between two nodes, such as
between the eNodeB and the S-GW.

Currently, eNodeB, S-GW, and P-GW reuse standard IP
fragmentation mechanism, i.e., the fragmented packets will
be reassembled at IP level, and then processed at user space
for GTP tunneling. All of eNodeB, S-GW and P-GW will
have to perform this reassembling and fragmentation, if
unfortunately large packets, called “jumbo packet” arrives.

Looking at uplink data transmission (data originating from
the UE), the first fragmentation begins at the entry of the first
tunnel (between the eNodeB and the S-GW). For downlink,
data first tunnel would instead be the tunnel between the
P-GW and the S-GW. The data for uplink may be fragmented
again and sent out at the end of the second tunnel (between
S-GW and P-GW). In eNodeB/S-GW/P-GW, each network
element will reassemble the IP packet to get the full data and
then establish a GTP tunnel to send the data to the next
network element. Note that both the [P header and data will be
tunneled by GTP. From the fragmentation process, it can be
deduced that in the worst condition, the time for fragmenta-
tion handling along the transmission path, involving eNodeB/
S-GW/P-GW, is:

T(eNodeB/P-GW fragmentation)+7(S-GW reassem-
bly)+7(S-GW fragmentation)+7(P-GW/eNodeB
reassembly )+7(P-GW/eNodeB fragmentation)

Obviously, it can be seen that too many fragmentation plus
reassembly are involved in the GTP tunnel transmission path.
As aresult, the performance is impacted badly. Besides, when
there is large number of fragments in the network, fragmen-
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tation and reassembly will consume much effort of kernel IP
resources, and do harm to the network throughput.

There is a Change Request, CR, for 29.061 in 3GPP,
including a proposal to use MTU discovery to find a mini-
mum MTU along the transmission path. Each network node
can use this MTU to detect and make IP fragmentation, as it
will avoid extra IP fragmentation along the path. The Mobile
Station/User Equipment, or a server in an external IP net-
work, may find out the end-to-end MTU by path MTU dis-
covery and hence fragment correctly already at the source.

However, in the proposal according to the Change Request,
IP fragmentation still happens if packet size exceeds MTU.
Meanwhile, some upper layer protocol, such as TCP MSS
(Maximum Segment Size), provides mechanism for segmen-
tation negotiation. This can prevent IP fragmentation, but it’s
not common for other upper layer protocols.

SUMMARY

The object of the present invention is therefore to provide
a method to avoid any IP fragmentation along a transmission
path between the eNodeB and the P-GW in a PS network.

The object of the present invention is solved by means of a
method for improving IP fragmentation and transmission of
user payload between a User Equipment, UE, and a Peer
Node, PN. The payload is transmitted through a transmission
pathenabled by at least a first and a second established tunnel,
said tunnels connecting a first and a second node in a Packet
Core Network, PCN. The method comprises the steps of:

The first node fragments at least one received payload

packet into fragments on the basis of a minimum Maxi-
mum Transmission Unit, MTU, for an upper IP layer of
the transmission path.

The first node encapsulates said fragments at the entry of

the first tunnel.

What particularly characterizes the method is that it further
comprises a step where the first node determines the MTU for
the upper IP layer of the transmission path on the basis of an
MTU of a lower IP layer of the transmission path and on the
basis of the size of at least one additional tunnel header for the
encapsulated fragments.

The object of the present invention is also solved by means
of a first node being adapted to improve IP fragmentation and
transmission of user payload between a User Equipment, UE,
and a Peer Node, PN. The payload is transmitted through a
transmission path enabled by at least a first and a second
established tunnel, said tunnels connecting the first and a
second node in a Packet Core Network, PCN. The first node
further is adapted to fragment at least one received payload
packet into fragments on the basis of a minimum Maximum
Transmission Unit, MTU, of an upper IP layer of the trans-
mission path. The first node is further adapted to encapsulate
said fragments at the entry of the first tunnel.

What particularly characterizes the invention is that the
first node further is adapted to determine the MTU of the
upper IP layer of the transmission path on the basis a MTU of
alower IP layer in the transmission path and the size of at least
one additional tunnel header for the encapsulated fragments.

The object is also solved by means of a packet core net-
work, PCN, being adapted to improve IP fragmentation and
transmission of user payload between a User Equipment, UE,
and a Peer Node, PN. The PCN comprises a first node accord-
ing to any of the claims 13-14.

The main advantage with the present invention is that frag-
mentation handling time is reduced due to the less number of
fragmentation operations performed. If the tunneled IP frag-
mentation is performed at the entry of the 1* tunnel, i.e., by
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eNodeB or P-GW, in the left tunnel edge nodes, no IP frag-
mentation will be performed. Moreover, the [P fragmentation
process is also not needed in the transit routers along the
transmission path, since each packet is in smaller size. As a
result, the performance of the whole network will be
improved.

Additional advantages are achieved by implementing one
or several of the features of the dependent claims not men-
tioned above. This will be further explained below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in greater detail in the
following, with reference to the embodiments that are shown
in the attached drawings, in which:

FIG. 1 illustrates IP packeting through GTP tunneling.

FIG. 2 illustrates a known solution for fragmentation dur-
ing the GTP transmission path.

FIG. 3 illustrates data transmission using tunneled IP frag-
mentation according to the present invention.

FIG. 4 illustrates a method for payload transmission ina PS
network.

DETAILED DESCRIPTION

The present invention relates to a method for improving IP
fragmentation and transmission of user payload between a
User Equipment, UE, and a Peer Node, PN. The payload is
transmitted through a transmission path enabled by at least a
first and a second established tunnel, said tunnels connecting
a first and a second node in a Packet Core Network, PCN. A
person skilled in the art would realize that a first node and a
PCN, adapted to perform said method described below are
also disclosed in the following. The PCN will not be
described in any further detail in the present invention.

FIG. 1 illustrates an example of IP packeting through GTP
tunneling. The PCN comprises an UE 10, an eNodeB 11, a
Serving Gateway 12, S-GW, and a PDN-Gateway 13, P-GW.
The first node will in the following be exemplified by the
eNodeB and the second node by the P-GW.

As shown in the figure, data packets 15 are transmitted
through a path formed by a first tunnel 17 extending between
the eNodeB and the S-GW and a second tunnel 18 extending
between the S-GW and the P-GW. Thereby, payload data can
be routed uplink from the UE to a Peer Node 14, PN, outside
the PCN. As shown, the packets received by the eNodeB
comprise an IP header with information about the packet and
Packet Data Convergence Protocol, PDCP.

The transmitted user payload is encapsulated and de-en-
capsulated in the user plane by adding and removing a GPRS
Tunneling Protocol, GTP, header. The User Data Protocol,
UDBP, and the IP header for the GTP protocol are also added
and removed in the user plane to the user payload. The two
GTP tunnels 17/18, between the eNodeB 11 and the S-GW
12, and between the S-GW and the P-GW 13, need to be
established to successfully transmit the packets between the
User Equipment, UE, and the Packet Data Network, PDN.
The S-GW acts as the intermediary between the two tunnels.

FIG. 2 illustrates an example of a known solution for frag-
mentation during the GTP transmission path. The encapsula-
tion and de-encapsulation is performed in the same way as in
FIG. 1. As shown in the figure, the eNodeB 11 fragments at
least one received payload (named Data in FIG. 2) packet 15
into fragments 16. The fragmenting is performed on the basis
of a minimum Maximum Transmission Unit, MTU, of the
transmission path. The eNodeB further encapsulates said
fragments at the entry of the first tunnel 17.
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The minimum MTU of a layer refers to the size of the
largest protocol data unit that the layer can pass onwards. In
the PCN, this relates to the transmission capacity between
two nodes, such as between the eNodeB 11 and the S-GW 12
in the transmission path. The upper IP layer is for instance the
user plane.

The nodes eNodeB 11, S-GW 12, and P-GW 13 in FIG. 2
reuse standard 1P fragmentation mechanism, i.e., the frag-
mented packets will be reassembled at IP level, and then
processed at user space for GTP tunneling. All of eNodeB,
S-GW and P-GW will have to perform this reassembling and
fragmentation if unfortunately large packets called “jumbo
packet” arrives.

The first fragmentation begins at the entry of the first tunnel
(between eNodeB and S-GW) and may be fragmented again
and sent out at the end of the second tunnel (between S-GW
and P-GW). In eNodeB/S-GW/P-GW, each network element
will reassemble the IP packet to get the full data and then
establish a GTP tunnel to send the data to the next network
element. This known procedure for fragmentation result in
that many fragmentations and reassemblies are involved in
the GTP tunnel transmission path. This takes a lot of time and
the performance is impacted badly. Besides, when there is
large number of fragments in the network, fragmentation and
reassembly will consume much effort of kernel IP resources,
and do harm to the network throughput.

The present invention intends to avoid this problem by
providing a method to avoid any IP fragmentation along a
transmission path between the eNodeB and the P-GW in a PS
network. In the present invention, the eNodeB 11 therefore
determines 21 the MTU of the transmission path on the basis
ofan MTU of a lower IP layer of the transmission path and on
the basis of the size of at least one additional tunnel header for
the encapsulated fragments.

FIG. 4 illustrates the method according to the present
invention. The two steps 19 and 20 have been described
earlier in reference to FIG. 2.

The MTU of the transmission path is in the present inven-
tion calculated as a “virtual MTU”, which can be used as basis
for the fragmentation. By “virtual” is meant an MTU for an
upper IP layer. This is not really an MTU since the MTU is
defined as the size of the largest protocol data unit that a lower
IP layer can pass onwards. The upper layer is preferably the
user plane and the lower layer Kernel space.

In particular, the MTU is calculated as the MTU of the
lower IP layer minus the size of the additional tunnel header.
This can also be expressed as:

The size of “virtual MTU”=The MTU of lower IP
layer—The size of additional headers

Additional headers are in GTP (see FIGS. 1 and 2):

Tunneling IP header+UDP header+GTP header+Po-
tential GTP-U extension length (and/or potential
other tunnel header length)

Both IPv4 and IPv6 are applicable. The nodes along the
transmission path may have the same MTU. Otherwise, the
MTU of the lower IP layer consist in the lowest MTU of the
network nodes along the transmission path. In order to deter-
mine the lowest MTU, an MTU discovery procedure may be
invoked.

If the size of received IP packet at the edge nodes, the
eNodeB 1 and P-GW 13, which will be tunneled by GTP-U,
is bigger than the “virtual MTU”, the edge nodes will apply IP
fragmentation function firstly, then encapsulate the fragments
into GTP-U or potential other tunnels. The packets are frag-
mented at tunneled IP level.
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Using the method according to the present invention, frag-
mentation handling time can be reduced. The reason is that,
due to a MTU determination where both the MTU of a lower
1P layer and the size of additional tunnel headers are removed,
it is ensured that the lowest MTU of the complete transmis-
sion path is determined. This results in that less fragmentation
operations need to be performed. Fragmentation is only per-
formed at the entrance of the first tunnel 17. Therefore, the
total time for fragmentation processing during GTP tunnel
transmission will be:

T(eNodeB/P-GW fragmentation)

The intuitive idea of the present invention is therefore to
improve 1P fragmentation in tunneling, preferably GTP tun-
neling, from two aspects:

1. Reducing the number of fragmentations and reassem-

blies.

2. Reducing the number of encapsulations and de-encap-

sulations.

Moreover, the IP fragmentation process is not needed in
transit routers along the transmission path, since each packet
is in a smaller size. As a result, the performance of the whole
network will be improved.

Although less fragmentation is performed, there is more
GTP tunneling operation for the IP fragments. The reason is
that each IP fragment needs GTP tunneling and is being sent
out. However, with IP fragmentation according to prior art, [P
stack must wait until all fragments arrive in order to make
reassembly. This result in that time is delayed, and as a result
the network throughput is badly impacted.

Another advantage with the present invention is that stan-
dard IP fragmentation can be combined with the new proce-
dure for determining MTU. The tunneled IP fragmentation
follows the standard IP fragmentation process. i.e., each frag-
ment contains valid IP header and IP data. The fragments are
linked by the fragmentation information in the IP header.
After the fragmentation, each tunneled IP fragment is pack-
aged into GTP tunnel by the S-GW 12 independently (see
FIG. 3) and sent to the next tunneling edge. Finally at the end
of'the second tunnel, the tunnel edge node (eNodeB or P-GW)
removes the GTP header and routes all the fragmented IP data
to the Peer Node 14. They actually appear as normal frag-
mented IP belonging to the same transaction and can be
handled correctly by the peer node.

The fragments delivered after two tunnels has are passed
are normal IP packets, with link information in the IP header
(i.e., Identification, fragment offset, flags). Thus in the desti-
nation node, all fragments can be reassembled correctly using
the standard reassembly way. This can be handled automati-
cally by kernel IP stack.

As shown in the example of FIG. 3, the tunnel header
comprise a GPRS Tunneling Protocol, GTP, header and/or a
tunneling IP header and/or info about the tunnel header
length. The packets are consequently encapsulated to be tun-
neled through GTP.

Figure further illustrates that the second node (being the
P-GW in this example) receives fragments at the end of the
second tunnel 18—The P-GW then de-encapsulates said
fragments and sends said fragments to the PN. The fragments
are then reassembled in the PN.

The invention is not limited to the examples above, but may
vary freely within the scope of the appended claims. For
example, FIG. 3 shows a first example of fragmentation
according to the present invention. As shown, eNodeB 11
fragments and encapsulates the payload to be sent through the
tunnels 17 and 18.
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An example for uplink data transmissions (from the UE 10
to the Peer Node 14) has been described. A person skilled in
the art would realize that the present invention also embrace
downlink transmissions from the Peer Node to the UE. The
P-GW 13 is then capable of fragmenting the payload and
encapsulates it to be sent through the tunnels 18 and 17 in the
opposite order to the eNodeB. Therefore, even though the
example described below refers to eNodeB as the node per-
forming said procedures (uplink), as person skilled in the art
would realize that in another embodiment P-GW would take
over the role of the eNodeB (downlink).

The first node 11,13 mentioned in the beginning of the
detailed description may therefore consist in a base station or
a Gateway, GW. In the same way, the second node also named
in the beginning may consist a base station or a Gateway, GW.
This means that if eNodeB 11 is the first node receiving the
large “jumbo” frames, the P-GW 13 is the second node. In the
other way around, the P-GW is the first node and eNodeB the
second node. The base station consists in an eNodeB and the
GW consists in a Packet Data Network GW, P-GW.

The invention claimed is:

1. A method for improving IP fragmentation and transmis-
sion of user payload between a User Equipment, UE, and a
Peer Node, PN , the payload being transmitted through a
transmission path enabled by at least a first and a second
established tunnel, said tunnels connecting a first and a sec-
ond node in a Packet Core Network, PCN, the method com-
prising the steps of:

the first node fragmenting at least one received payload

packet into fragments on the basis of a minimum Maxi-
mum Transmission Unit, MTU, for an upper IP layer of
the transmission path,

the first node encapsulating said fragments at the entry of

the first tunnel, and

the first node determining the MTU for the upper IP layer

of the transmission path on the basis of an MTU of a
lower IP layer of the transmission path and on the basis
of the size of at least one additional tunnel header for the
encapsulated fragments.

2. The method according to claim 1, wherein the MTU is
calculated as the MTU of the lower IP layer minus the size of
the additional tunnel header.

3. The method according to claim 1, wherein the MTU of
the lower IP layer consist in the lowest MTU of the network
nodes along the transmission path.

4. The method according to claim 3, wherein the lowest
MTU is determined by an MTU discovery procedure.

5. The method according to claim 1, wherein the tunnel
header comprise a GPRS Tunnelling Protocol, GTP, header
and/or a tunnelling IP header and/or info about the tunnel
header length.

6. The method according to claim 5, wherein the packets
are encapsulated to be tunnelled through GTP.

7. The method according to claim 1, wherein the packets
are fragmented at tunnelled IP level.

8. The method according to claim 1, wherein the fragments
are reassembled in the PN.

9. The method according to claim 1, wherein the second
node receives fragments at the end of the second tunnel,
de-encapsulates said fragments and sends said fragments to
the PN.

10. A first node for improving IP fragmentation and trans-
mission of user payload between a User Equipment, UE, and
a Peer Node, PN, the payload being transmitted through a
transmission path enabled by at least a first and a second
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established tunnel, said tunnels connecting the first and a
second node in a Packet Core Network, PCN, the first node
comprising:

a transmitter; and

a receiver for receiving payload packets, wherein the first 5

node is configured to:
fragment at least one received payload packet into frag-
ments on the basis of a minimum Maximum Transmis-
sion Unit, MTU, of an upper IP layer of the transmission
path, 10

encapsulate said fragments at the entry of the first tunnel,
and

determine the MTU of the upper IP layer of the transmis-

sion path on the basis a MTU of a lower EP layer in the
transmission path and the size of at least one additional 15
tunnel header for the encapsulated fragments.

11. The first node according to claim 10, wherein the first
node consists in a base station.

12. The first node according to claim 10, wherein the first
node consists in a Gateway, GW. 20
13. The first node according to claim 11, wherein the base
station consist in an eNodeB and the GW consist in a Packet

Data Network GW, P-GW.

14. A packet core network, PCN, being adapted for improv-
ing IP fragmentation and transmission of user payload 25
between a User Equipment, UE, and a Peer Node, PN, the
PCN comprising a first node according to claim 10.

#* #* #* #* #*
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